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AND MELANIN GRANULE*
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In 1951, Pease (1) in one of the first studies of
human skin with the electron microscope, was
able to identify clear cells with short dendritic
processes. He commented on the pigment granules
which he described as oblong and uniform in
size and density. Laden et at (2), in 1953, re-
ported on the basal cell and the epidermal-dermal
junction. They noted abundant pigment granules
in the basal layer. These they described as dense,
oval and uniform in shape, forming at times a
nuclear cap. Selby (3), in 1955, reported a study
of the dermo-epidermal junction and the basal
cell layer. She, too, noted the pigment granules
and described them as oblong bodies which were
too dense to reveal an internal structure. She
was unable, however, to identify the "clear cells"
of light microscopy and felt that these might be
artifacts.
Odland (4) commented on the melanocyte.
This he noted was free of fibrils and contained
melanin. No attachments to the epidermal cells
were seen. It was his feeling that possibly melanin
and other particulates might be transferred from
cell to cell by invaginations of the villous cell
membrane, these invaginations then being
pinched off within the invaginated cell to form
"vesicles" containing the particles transferred.
Charles and Ingram (5) reported their observa-
tions of the melanocyte as seen with the electron
microscope. They postulated a cytoerine secretion
of melanin from the melanocyte to the epidermal
cells, secondary to a breakdown of the melanocyte
membrane. Also noted in the dermis were phago-
cytes which appeared to have pigment granules
in cytoplasmic vacuoles. This suggested to them
that these phagocytes might be melanocytes
which had migrated from the epidermis to the
dermis. They also distinguished alternating light
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and dark transverse striations in the melanin
granules. Hibbs and Clark (6), in a study of the
stratum Malpighii, were able to distinguish the
melanocytes and noted them to be more numerous
in the basal layers of the epidermis.
In a study of the fine structure of normal
human epidermis, using a new polyester as an
embedding medium, it became evident to us
that the "clear cell" or melanocyte is an easily
identifiable cell, being different from the sur-
rounding epidermal cells, and that the melanin
granule has a definite internal composition. The
purpose of this report is to record the charac-
teristics which make the melanocyte and melanin
granule so distinctive.
MATERIALS AND METHODS
All normal human skin used in this study was
obtained by punch biopsy from the upper arms
of white persons between the ages of 46 and 67.
The procedure for embedding in Vestopal W
has been described elsewhere (7). In this study
the RCA EMU 2A electron microscope was used.
RESULTS
The melanocyte, or "clear cell" (Fig. 1), is
readily distinguishable from other cells of the
epidermis. The nucleus is round and has a double
nuclear membrane. The outer membrane has, at
times, been observed to bulge away from the
inner membrane. The outer membrane is rough,
due to the adherence of numerous granules to its
outer surface. It is separated from the inner
membrane by a clear zone approximately 500 A
wide. The inner membrane looks thicker than the
outer, but this is presumably due to the close-
ness to the membrane of numerous small particles
similar to those which make up the rest of the
nucleoplasm. A nucleolus is also present, but
without a limiting membrane, and it assumes a
worm-like shape, being made of cords of small,
distinct, electron-dense particles. No nuclear
pores were recognized.
The cytoplasm and its components make the
melanocyte easily recognizable. Mitoehondria
are so abundant as nearly to fill the entire cyto-
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The line in the lower part of each illustration denotes the length of one micron.
Fm. 1. A melanocyte with its process, in the lower epidermis. d, desmosome; de, dendrite; G, Golgi
apparatus; fp, flat pouch; M, mitochondrion; Me, melanocyte; n, nucleolus; N, nucleus; t, tonofibril(composed of tonofllaments). X 13,340
plasm. Their apparently various shapes and
sizes are undoubtedly referable to the plane of
section. In about one-half of the mitoehondria,
one to several distinct round (up to 400 A)
electron-dense particles are noted. Between the
mitochondria and throughout the cytoplasm is a
vast system of vesicles. These are mostly of the
rough-snrfaced variety. The vesicles are unusual
both because of their number and because of
their multiplicity of shapes and sizes. An unusual
structure (Fig. 1) noted in the melanocyte, and
not previously described by others, is composed of
a pair of parallel profiles approximately 3200 A
long and 300 A wide, separated by a clear zone
125 A in width. One or more of these has been
noted in most of the melanocytes studied. Some
of these seem to be continuous with profiles of
the endoplasmic reticulum.
The rest of the cytoplasm is fairly clear, with
a few electron-dense particles dispersed through-
out. The absence of tonofilaments and fibrils is
particularly obvious. The Golgi apparatus (Fig.
1) is easily recognized, and is present in a dis-
persed state similar to the condition existing in
nerve cells. Characteristically, each part o! it
consists of long flattened vesicles (4100 A x
900 A), usually three in number, lying parallel
with and immediately adjacent to each other.
These in turn are surrounded by numerous small,
round (500 A), smooth-walled vesicles, which
may represent ends pinched from the larger
flattened vesieles.
Unlike the other cells in the epidermis, the
melanocyte has a smooth cell membrane and
lacks desmosomes. The cell does not appear to be
attached to any adjacent cells. There are usually
several dendritie processes extending from each
cell. These lack desmosomes and fibrils, but
a
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FIG. 2. Dendrite of melanocyte separating two spinous cells, a, melanin aggregate; d, desmosome; de,
dendrite; N, nucleus; p, melanin particle; t, tonofibril. X 33,795
FIG. 3. Numerous melanin granules located in a basal cell, a, melanin aggregate; m, melanin granule;
p, melanin particle. X 43,500
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FIG. 4. A higher magnification of one melanin
X 88,740
contain many mitoehondria, vesicles, and melanin
granules. They push between the epidermal cells
which continue, however, to be held together by
their resistant desmosomes (Fig. 2).
Melanin granules are seen in the melanoeyte,
but, astonishingly enough, not so commonly as in
the epidermal cells. Melanin granules are com-
posed of numerous fine dense particles (Figs. 3
and 4), which first form small aggregates and
finally become the larger, electron-dense melanin
granules. The fully-formed melanin granules are
of greatly differing sizes and shapes (up to nearly
1t in greatest diameter). In other words, a
melanin granule, some of which have a limiting
membrane, is formed by the accumulation of
numerous melanin particles. Occasionally, aggre-
gates of small particles resembling melanin
particles arc noted within the mitochondria of
epidermal cells.
DIscUssIoN
The melanocyte is a distinctive cell, easily
distinguished from its neighbors. It lacks both
tonofibrils and desmosomes. It must be an ex-
tremely active cell as suggested by the unusually
large number of mitochondria and its complex
endoplasmic reticulum.
An unusual structure, appearing as a flat
pouch of exceptional geometric regularity, is
noted in the cytoplasm of the melanocyte and
granule. a, melanin aggregate; p, melanin particle.
has been described in a preceding section. Its
function is unknown, but it is postulated by the
authors to be a specialized portion of the cndo-
plasmic reticulum, peculiar to the melanocyte.
The uniformity of structure exhibited by the
Golgi apparatus, and apparently confined to the
melanocyte, is worth noting.
When studied with the electron microscope,
the melanin granules of light microscopy are
found to be made up of numerous discrete smaller
melanin particles. The particles form aggregates
and, finally, larger granules. It has not been
possible to recognize any free melanin granules
or particles between cells, and it is thought that
"cytocrinc secretion" takes place by the pinching
off, within an epidcrmal cell, of a melanin-con-
taining process of a melanocyte. As suggested
above, it is also felt that on certain occasions, if
stimulated, the mitochondria of the epidermal
cell may play a part in melanin formation.
Support is lent to this view by the fact that
melanin particles are found at times within the
mitochondria of cpidermal cells other than
melanocytcs. Furthermore, melanin granules
occur very frequently in the perinuclcar position
commonly occupied by mitochondria. It is also
interesting to note that the size distribution of
the formed melanin granules is the same as that
of mitochondria, and that more melanin granules
appear in the basal cell than in one melanocyte.
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Our findings in regard to melanogenesis differ
somewhat from those of Birbeck and Barnieot (8).
We have been unable to localize a formative zone
within the epidcrmal melanocyte or to find
evidence to suggest that the Golgi aparatus here
plays a part in melanin formation. Further, we
have not found the melanin granule to have an
internal lamellar structure as was reported by
Birbeck et al, but contrary to their findings, we
have noted melanin particles within mitoehondria.
It appears to us, therefore, that the melanin
granule, which may or may not have a limiting
membrane, is composed of smaller particles
forming aggregates, and that groups of these
aggregates make up the complete granule. The
differences between our findings and those of
Birbeek and Barnieot, might be due to the fact
that they for the most part studied the hair
follicle with its active melanoeyte, while our in-
vestigation was concerned primarily with the
epidermis and its less active melanocyte.
SUMMARY
The distinctive character of the melanoeyte,
especially its lack of desmosomes and tonofibrils,
is noted, and the location and internal composi-
tion of the melanin granules are discussed
in detail.
ADIXENnUM
Since this article was submitted, a paper on
melanoeytes by Droehmans (J. Biophysie. and
Bioehem. Cytol. 8: 165, 1960) has appeared. This
author finds a crystalline-like lattice in melanin
granules following treatment of the tissue with
potassium permanganate, while phosphotungstie
acid (PTA) treatment results in a longitudinally
striated appearance of the granules. His findings
are at variance, not only with those of Birbeek
and Barnicot (8), but also with those described
here for "unstained" tissue. It appears that much
work remains to be done to determine whether
the action of such reagents as permanganate and
PTA is limited to emphasizing pre-existing ultra-
structural configurations.
REFERENCES
1. PEASE, D. C.: Electron microscopy of human
skin. Am. J. Anat., 89: 469, 1951.
2. LADEN, E. L., EmeRsoN, J. I). AND ARMEN, D.:
Electron microscopic study of epidermalprickle cells. J. Invest. Dermat., 19: 211,
1952.
3. SELBY, C. C.: An electron microscope study
of the epidermis of mammalian skin in thin
sections. I. Dermoepidermal junction and
basal cell layer. J. Biophysic. and Biochem.
Cytol., 1: 429, 1955.
4. ODLANn, G. F.: The fine structure of the inter-
relationship of cells in the human epidermis.
J. Biophysic. and Biochem. Cytol., 4: 529,
1958.
5. CHARLES, A. AND INGRAM, J. T.: Electron
microscope observations of the melanocyte
of tbe human epidermis. J. Biophysic. and
Biochem. Cytol., 6: 41, 1959.
6. HIBB5, R. G. AND CLARK, W. II. JR.: Electron
microscope studies of the human epidermis,
the cell boundaries and topography of the
stratum Malpighii. J. Biophysic. and Bio-
chem. Cytol., 6: 71, 1959.
7. ZsmicicsoN, A. S. AND HARTMANN, J. F.: Vesto-
pal W; a superior embedding medium for an
electron microscope study of human epi-
dermis. J. Invest. Dermat. (in press)
8. Bittnzea, M. S. C. AND BARNICOT, N. A.:
Electron Microscope Studies on Pigment
Formation in Human Hair Follicles. "Pig-
ment Cell Biology", Academic Press Inc.,
1959.
